In 1998-2000, in a multi-factorial field experiment established by the method of split blocks and subplots, we studied the effect of three systems of beet tops management, two sowing rates and two levels of N fertilization and the effect of interactions of the factors on production and qualitative indicators of spring barley varieties Amulet and Kompakt. The evaluation shows the dominant effect of the particular year on the variability of all characters. The proportion of the effect of the year on the variability of characters ranged from 2.1 (number of plants per m 2 ) to 80.1% (yield). The variability of quality parameters was also considerably affected by the genetic factor of the variety (grain over 2.5 mm sieve 40.4%, TGW 20.5%). The level of characters was greatly variable in relation to the course of climatic conditions of the year. The highest grain yield was achieved in 1999 (7.21 t/ha), the lowest one in 2000 (5.25 t/ha). The best quality parameters were shown by grain from the 1998 harvest (yield 6.20 t/ha) with significantly highest TGW (47.76 g), a high proportion of grain over 2.5 mm sieve (92.01%, 5.54 t/ha) and a favourable content of N substances in the grain (10.60%). Ploughed down beet tops supported the creation of the yield, the average differences between variants were, however, minimal being heavily affected by the course of weather in particular years. More favourable conditions for the creation of the yield (6.17 t/ha) and for the formation of mechanical properties of the spring barley grain (TGW 45.55 g, grain over 2.5 mm sieve 85.86%) were produced by variants with late ploughing down beet tops, the smallest accumulation of N substances occurred in variants with harvested beet tops (11.83%). Sowing rate significantly affected values of all studied characters. Variants sown 4.5 MGS (6.27 t/ha) gave higher average grain yields, grain of better quality was obtained from the stands sown 3.5 MGS (TGW 45.22 g, grain over 2.5 sieve 84.41%, N substances 11.93%). Between particular varieties, significant differences were found both in the economic yield and the grain quality. The Kompakt variety showed on average 4.7% higher yield (6.37 t/ha) than the Amulet variety which, however, reached the higher average TGW values as well as the proportion of grain over 2.5 mm sieve (45.87 g, 88.24%). The grain quality of the Amulet variety was negatively affected by the increased accumulation of N substances in the grain (12.49%). As compared with control, N fertilization at the rate of 30 kg/ha showed significant increase in the yield in 1998 only (by 7.5%) while in other years, an increase in the yield was not noticed. In all years under investigation, the TGW values and the proportion of grain over 2.5 mm sieve decreased and the content of N substances in grain increased after application of N at the rate of 30 kg/ha.
Sugar beet belongs traditionally to the best foregoing crops for the creation of yield as well as malt quality of spring barley in the production regions of its growing. Present technologies of sugar beet harvesting with the subsequent ploughing down of beet tops, however, represent considerable amounts of organic matter and nutrients that enter the soil. The course of mineralization of ploughed down matter of beet tops when release of nutrients occurs significantly affects the production process of spring barley and its quality .
Mineralization of the organic matter of beet tops and its intensity are dependent above all on the course of weather conditions at the time after ploughing down into soil and in the course of the growing season. Provazník et al. (2000) mention that mineralization of ploughed down beet tops gives theoretically the following average amounts of nutrients into soil: 102 kg N, 12 kg P, 148 kg K, 33 kg Ca and 18 kg Mg. The shift of mineralization to later stages of the production process (shooting, grain formation and ripening) is the reason for uncontrolled release of nitrogen and marked changes of its dynamics in soil with negative effects on lodging, health conditions and worsening of grain quality parameters. The cause of the retardation or even cessation of mineralization processes in soil is early and long-term freezing of soil during winter and dry and cold weather in spring after sowing spring barley. Possibilities of affecting the processes are related to problems of the term of beet tops ploughing down and optimization of spring barley nutrition. Stress is particularly laid on the rationalization of N nutrition (Tóth 2000) .
MATERIAL AND METHODS
The effects of sugar beet tops management on selected quantitative and qualitative parameters of spring barley were studied in the plant production experimental station of the Agricultural Training Enterprise Žabčice near Brno, Mendel University of Agriculture and Forestry, Brno, in 1998-2000 . The station is situated in the maize agricultural production region, sub-region K2, at an average altitude of 185 m. The region that is part of the DyjeSvratka valley basin is characterized as warm, slightly dry with moderate winters.
The soil type was classified as Gley Fluvisol (FL G ) developed on the Svratka river alluvium. As for soil texture, it is a moderately-to heavy-textured clay-loam to clay soil with the content of clay particles amounting to 55-65%. The groundwater table occurs about 1.8 m under the soil surface. The agrochemical properties of the soil are given in Tables 1 and 2 . The course of weather in particular years is given in Table 3 .
In a series of experiments with perpendicular-split blocks and subplots, the following factors were evaluated: three systems of beet tops management (a -early ploughing down of bet tops, b -late ploughing down of bet tops, c -harvested beet tops) under two levels of mineral N fertilization (0 kg/ha N, 30 kg/ha N) with the differentiated sowing rate of 3.5 and 4.5 MGS. Each of the variants was in 4 repetitions with an area of trial plots 12.5 m 2 . In the experiments, the top-ranking malt varieties Amulet and Kompakt were studied. Barley was grown during all years under investigation after sugar beet fertilized by manure at a rate of 40 t/ha in the crop rotation Table 1 . Agrochemical soil properties before the establishment of the experiment, depth 0-250 mm (Provazník et al. 2000) Year of pea -winter wheat -sugar beet -spring barley. In the variant a, beet tops were crushed after sugar beet harvesting (mid-October), they were evenly layered and ploughed down to a depth of 250-280 mm. In the variant b, beet tops were similarly ploughed down a month later (mid-November) and in the variant c, beet tops were removed (ploughing carried out in terms of the variant b). Table 4 gives the average values of chemical analyses of the beet tops and their amounts ploughed down in 1997, 1998 and 1999. In spring, the pre-seeding treatment of soil was carried out (smoothing harrow + harrow). Nitrogen was applied as a single measure before sowing in the form of SYNFERTA combined fertilizer (12% N, 11% P, 11% K) at a rate of 0 and 30 kg/ha N. The treatment of crops, using pesticides to control weeds, diseases and pests, was carried out according to standard methods for the plant protection.
In each repetition, the number of plants per unit area was determined from an area of 0.25 m 2 after full heading as well as the number of created and fertile tillers on a plant (Table 5) . Before the harvest, the number of spikes per m 2 was evaluated, as well as the number of grains per spike and the accumulation potential of the stands. The total economic yield of grain was determined from the harvested plots after drying (14%) and preliminary cleaning. The percentage and yield of grain over 2.5 mm sieve were also determined as well as the weight of 1000 grains (TGW) and the content of N substances in the grain (%).
The results were processed by the multi-factorial analysis of variance using the STATISTICA computer program. To test average differences, the test according to Tukey was used on a 5 and 1% significance level. Homogeneity of variances was verified using Bartlett's test.
RESULTS AND DISCUSSION
The statistical evaluation of the effect of particular factors on characters under study including their interaction from a half experimental series in 1998 to 2000 is summarized in Table 6 . Table 7 gives the differences between the particular levels of factors.
The results show that all factors under the study affected highly significantly or significantly the general level of the economic yield and the parameters of the spring barley grain quality. The particular year (80.1%) in the course of the three-year study appeared as having a dominant effect on the total yield variability, the proportion of other factors ranged from 0.6% (sowing rate) to 5.7% (variety). In case of quality characters, the yearclass affected most the variability of the content of N substances in the grain (79.6%) and TGW (62.3%), the variability of quality parameters was also highly affected by the genetic factor of the variety (grain over 2.5 mm Cerkal et al. (2001) , Ehrenbergerová et al. (1999) , Flašarová and Onderka (1997) etc. The significant effect of the year was also demonstrated by interactions of particular year-classes with other experimental factors. The level of studied characters was considerably variable in relation to the intensity of particular factors (Table 7). Between years, significant differences were found in the creation, reduction and compensation of yieldforming elements, in the yield and quality of grain. The significantly highest yield of grain was achieved in 1999 (7.21 t/ha). On the other hand, the lowest yield level was achieved in 2000 (5.25 t/ha) when the precipitation deficit and the occurrence of highly above-average tempera- ). Persisting unfavourable weather conditions in the period of grain formation and ripening were also the cause of the high content of N substances in grain (14.53%). Conditions for the attainment of high economic yield in 1999 were formed already in the course of tillering (3.43 tillers) with a subsequent maintenance of the high number of productive tillers (1.64) with the highest number of grains per spike (21.85). Although the significantly highest accumulation potential (18 809 grains/m 2 ) was not sufficiently fulfilled (TGW 43.35 g), it was fully sufficient for achiev- ing the relatively highest yield. The proportion of grain (over 2.5 mm sieve) utilizable for malt purposes was, however, significantly lowest (79.36%) amounting to 5.72 t/ha. From the viewpoint of malt quality, the content of N substances was still favourable (11.34%). The grain from the 1998 harvest (yield 6.20 t/ha) showed the best parameters with significantly highest TGW (47.76 g), the high proportion of grain over 2.5 mm sieve (92.01%) and the favourable content of N substances in grain (10.60%). The ploughed down beet tops supported the creation of yield, however, the average differences between variants were not marked (Table 7) being heavily affected by the course of weather conditions in the particular years. The variants with the late ploughing down of beet tops created more favourable conditions for the yield of the spring barley grain. The late ploughing down of beet tops influenced positively the process of tillering and the subsequent formation of tillers (3.10 and 1.55 tillers). The spike productivity was also favourably affected (19.76 grains) thus creating conditions for the formation of stands with a high accumulation potential (16 002 grains/m 2 ). The average yield of 6.17 t/ha grain, however, did not correspond to the stand condition. The highest yield of grain within the evaluated period (on average) was obtained from the variants in the early ploughed down beet tops (6.33 t/ha). As compared with other variants, the grain showed, however, the significantly lowest values of mechanical properties (TGW 44.29 g, grain over 2.5 mm sieve 81.19%), the content of N substances in grain (11.93%) was significantly lower than in the variants with the highest content of N substances in the late ploughed down beet tops (12.72%). The lowest yield level (6.15 t/ha) in the variants with harvested beet tops was a response to the generally lowest accumulation capacity of stands (15 430 grains/m), the low level of tiller formation participating in it first of all (1.37). The yield of grain over 2.5 mm sieve and TGW were lower as compared with late ploughing down (85.48% and 45.45 g), the content of nitrogen in grain was significantly lowest (11.83%). Between the particular varieties, significant differences were found both in the economic yield and grain quality. The Kompakt variety was on average 4.7% better as for yield (6.37 t/ha) than the Amulet variety that, however, achieved higher average values of TGW and the proportion of grain over 2.5 mm sieve (45.87 g, 88.24%). The quality of grain of the Amulet variety was negatively affected by the increased accumulation of N substances in grain (12.49%). The higher economic yield of the Kompakt variety was based on significantly higher numbers of created tillers (1.56) supported by the significantly higher productivity of spikes (20.31 grains).
The sowing rate amount significantly affected the values of all parameters under investigation. Variants sown 4.5 MGS have higher average yields of grain. The self-regulation capacity of stands established using 3.5 MGS sowing rates was positively reflected in the higher numbers of formed and realized tillers (3.38, 1.74), the higher numbers of grains per spike (19.93), TGW (45.22 g) and the higher proportion of grain over 2.5 mm sieve (84.41%). The number of plants per unit area decided, however, on the general productivity of stands. The deficit of plants in 3.5 MGS sowing rate became the reason of the low accumulation capacity of stands (15 507 grains/m 2 ). The average yield difference as against variants sown 4.5 MGS (6.27 t/ha) amounted to 0.1 t/ha. The accumulation of N substances in the spring barley grain developed more intensively in stands sown by denser sowing rates (12.38%). Kopecký (1983) also gives similar results in his paper.
The nitrogen fertilization at the rate of 30 kg/ha was demonstrated through the statistically significant increase in the yield (by 0.15 t/ha) but significantly worsened technological parameters of the barley grain. These trends were also corroborated by Flašarová and Onderka (1997) , Kandera (1994) and Tichý et al. (1991) who noted that the effect of N fertilization was particularly related to the year-class and a number of other factors.
The effect of various methods of beet tops management on the creation of yield and grain quality in the course of the particular years is summarized in Table 8 . With respect to the fact that the organic matter of beet tops contains considerable amounts of nutrients in dry matter (Table 4) , mineralization of post-harvest residues can affect the growth and development of barley as well as its quality (Provazník et al. 2000 , Cerkal et al. 2001 . The course of weather ranks to the greatest extent among factors that regulate effects of ploughed down beet tops. Under relatively favourable precipitation conditions (1998, 1999) when the allocation of precipitation contributes to the sufficient water supply for plants from the beginning of vegetation, the ploughed down beet tops support the formation and realization of tillers, thereby creating conditions for establishing a higher accumulation capacity of stands. On the other hand, in years with a dry spring and above-average temperatures (2000), the ploughing down can be depressive for yield. In order to obtain a quality yield with maximum TGW values and relatively the highest proportion of grain over 2.5 mm sieve, it is more suitable to leave beet tops to wither and to plough them down later. With respect to the lower accumulation of N substances in grain, however, variants with early ploughing down and removed beet tops appear to be more suitable.
The variety, which guarantees the technological quality of grain with exactly defined parameters of yield, appears to be an important factor. Each variety used an individual mechanism of genetic potential, implementation of which was shown in the course of establishing, formation and reduction of each yield-forming component. In the Kompakt variety, the basis of the higher yield potential and actual yield was based on the higher level of tillering and on the higher number of grains per spike. The Amulet variety showed a capability to compensate for the lower accumulation potential by higher TGW values and by the higher proportion of grain over 2.5 mm sieve. These variety differences demonstrate limiting factors of biological material in the production process. It has been shown that typical, genetically fixed properties of varieties can fully manifest themselves under favourable weather conditions of a particular year only .
According to Tichý et al. (1991) , the unsuitable choice of the sowing rate can cause a depression in the yield of grain thus affecting its general quality. Experiments showed that differences between 3.5 MGS and 4.5 MGS sowing amounts were decisive from the viewpoint of the grain yield and quality. The number of plants per unit area appeared to be an important regulation element of the productivity of stands. In the stands from 3.5 MGS sowing rates, the compensation of missing plants by higher numbers of fertile tillers or higher productivity of spikes did not occur, however, grain with better quality parameters was obtained.
The level of yield-forming elements and quality parameters of grain was also affected by N fertilization in the particular years (Table 8) . Nitrogen applied at the rate of 30 kg/ha at the pre-sowing preparation of soil supported the formation and realization of tillers and favourably affected the productivity of stands and spikes. The economic yield of grain was increased by N fertilization in 1998 only, the yield increase was not noticed in other years. In all years under investigation, TGW values decreased after N application at the rate of 30 kg/ha, as well as the proportion of grain over 2.5 mm sieve and an increased accumulation of N substances in the grain occurred. The effects of N fertilization on the grain quality parameters were also shown in interactions with other factors (Table 6b ). Problems of optimization of nitrogen fertilization rates in relation to the yield and quality of grain were discussed by Kandera (1994) , Ložek et al. (1991) , Provazník et al. (2000) et al.
